URI RAMboat 2011 Design - AUV SI ASV Competition
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Abstract — URI's student ASV (RAMboat20MHigure 1), based on a Hobie Float Cat 60, is a stable plauf

first designed in 2010 and has been much improymuh Ufor the 2011 ASV competition. A watertight
electronics box is mounted forward of the paylopdce, with a camera, GPS, and water cannon mounted
on the forward scaffolding. An extendable arm isunted forward along the side for tennis ball reiaé
RAMboat electronics were adapted from URI's stud®dy/, with a separate higher power circuit newly
designed for the ASV motor power. The motor pohisrytear is provided with 4 Lithium-Poly batteries
parallel to save weight from the Lead Acid battesgd in 2010. The electronics subsystems inclUetP&
running C++ code on a Ubuntu Linux OS for image gessing, laser ranging and thermal sensing, a
custom Netburner 5282 embedded microcontroller ionsxomputer, a one watt wireless hub for
communication and programming, and two custom panenagement boards. The power board combines
two system batteries and produces supply voltagesjtors consumption, optically isolates computars]
allows radio control takeover of motors. A secorwhrol was deS|gned and bunt to combine the 4 new
Lithium-Poly batteries used for motor powegss ,

RAMboat power consists of four 14.8 volt 10A
batteries for motor power and two 14.8V 6.4A
system batteries. A dual channel motor controlles 4
beside the power board to provide power to the d
Sevylor, 18Ib thrust trolling motors. The missi
computer runs a linked list table of mission ledsol
include speed, heading, GPS waypoints, and acti
requests. Besides water cannon fire and tennis
grabbing, the primary leg based requests are
vision guidance from the Fit PC, including came
pan/tilt angles. The vision analysis preformed
FitPC can be used to provide leg modifiers whi
control vessel guidance as well as tennis b
retrieval, thermal sensing, and cannon fire.

1 Introduction

RAMboat2011-ASV is the 3rd entry from the Univeysii
of Rhode Island (URI) in the AUVSI International XS
competition, though URI has been a participant idV&l
AUV student competitions for over a decade. Elett®
developed for URI's 2009 AUV and the 2010 RAMbo
platform have been adapted to be URI's 2011 AS\§rier to
accomplish the missions planned for the competition
Norfolk, VA (Figure 2). With limited funds and theeed for
both AUV and ASV electronics, the design approaas been
that the ASV use compatible AUV hardware as much
possible. This includes a custom 5282 embed:
microcontroller mission computer with compass, AEhsing
capability, UDP communication and servo contr
implemented, wireless hub for communications a
programming, and new FitPC vision computer alonthve
USB camera, thermal sensor and laser ranging sys
Additionally a modified RV water pump was employas a
water cannon and a solenoid for tennis ball resliewas Figure 2 AUVSI Mission for 2011
implemented.

Figure 1 RAMboat 2011
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Work on URI RAMboat ASV development began in 20liehva team of students developing an ASV to
operate semi-autonomously for extended duratiodewtrioviding live updates via long-range 2.4GHzelgss.
This architecture was adapted for the 2010 RAMlzoat has been improved upon for the 2011 competition
Considerable modifications were made in 2011 byletts on the team. These improvements include new
batteries for motor power and the electronics meguto manage the Lithium-Poly technology, new meteith
more rigid attachment, a new vision computer whiels added laser ranging and thermal sensing sebsyst
These modifications have made the vehicle lightel more sophisticated. Students divided into waylgnoups
for Hardware, Electronics, Computing, s 10anr) (2 6.4Anr
Navigation and Vision. The results of th l4.8VBattJ [14.EVBatts]
latest developments are summarized bot
below in this paper and in more detailed
presentations on the team  website
(oce.uri.edu/~auv/asv). Figure 1 provides an
overall block diagram of ASV subsystems.

Wireless
Ethernet HuH

FitPC Vision
Computer

[—
((camer: ] | Therma]}

5282 Carrier

Board

Netburner
5282

Power Board & 2x}
Motor Controller:

——— [ —1
( cannoi ] |[Compas)

Pan & Tilt

[ |
2 Mechanical Subsystem [ 2 troIIing] [Grabber Linea] [Trimble]
: < A GPS
The structure of the ASV is based upon & motor cuater
Hobie Float Cat 60fishing platform. The Figure 3 ASV Subsystems Block Diagram

Hobie hulls, connectedith 1.25” aluminum

tubing, provide a very stablgdatform for the ASV’s hardware and can suppopagload in excess of 250Ibs.
Hobie polyethylene hullare renowned for their durability and provide artyeansinkable platform for the ASV.
Two additional 1.25"aluminum tubes form the backbone of the ASV. Nnly do these tubes provide easy
mounting for hardwarand payload but they also provide easy trim adjastfiorward and aft. Mounted directly
behind the hulls arvin trolling motors mounted directly to the alumim backbone of the ASV.

2.1 Propulsion:

In order to provide maneuverability apdwer, dual Sevylor 18Ib thrust trolling motors wersed.The
motor controller that is used in the ASV is an IB€ Dual Speed Controller from RobotMarketplace.com. The
motor controller is mounted in the electronics box. Thetomller takesRC signals or a signal from the mission
computer and converts it togh-current pulse width modulation (PWM) that &pable odriving high amperage
brushed motors. Thmotor controller must have power in order to reeedignals from the RC receiver or the
mission computer because the RC receiver. Thigaltet features two 50 amp heat sinkdeSFET channels
that control forward and reverse functions amd the channels for turning. The controller hasaariliary input
that is capable of controlling two weapons systetays with one RC switch or two O linéd®m the mission
computer. This system is used in competition ferilater cannon and for tennis ball retrieval.

Using fixed thrusters for the ASV competition hatvantages over the standgtbpeller and rudder system
found on most boats. A thruster system reduceartimunt ofmoving parts needed for steering. They also allow
for turning at low speed. A rudder requithat water be moving across its face in order to.tEor the precision
tasks often requireith robotics, a thruster configuration provides mamyre advantageous than having a rudder.
In addition,the trolling motors allow for the exclusion of gtgal drive shaft which can be a sourcdeatks. The
pre-attached cables on the thrusters allow thetmetaonnected to the electroniosusing through water tight
fittings.

2.2 Electronics Housing:

A large watertight box is mounted aft of tbenterline on the deck in order to prevent watemfgetting to
RAMboat electronicsvhile providing considerable space for electronidse box is approximately 16" long, 12"
wide, and7 %" tall. A large piece of aluminum wasunted to the back of the housing as a heat sinkhfo
FitPC. This box usean o-ring seal and locking latches to keep allhef ¢lectronics dry. The box ieade of
medium weight plastic and has a clear plasticltidide the box a flat piece of Lexann®unted to the bottom to
hold the battery packs and act as a platform feioua standoffs andnounts for the equipment inside. The
simplicity of a single box is favored as it alloeasyaccess to all of the electronic and computer coraptsnof
the vehicle, while still providing secure and durable platform.

Inside the box a multi-tiered set up was createsketure all of the parts inside. On timtom of the back of the
box a lightweight plastic mount was created to Hbllbatteries. Thieolder constrains the several heavy batteries
to be secured inside of the box. A groupooihnectors are attached to the batteries in ordemip rapid
URI RAMboat 2011 ASV
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replacement. On the side of thatteries the power management board is mountetdtméite mission computer.
Also mountedin the box are the power management board, the pégformance Trimble GPS system, the
Netburner 5282 mission computer with custom URgrifatce board, and the FitPC vision computer withciied
disk drive.

3 Electrical Subsystems

There are two power management boards on the 2&81JABV. The first is the power board developed by
the 2009 URI Team for the subsystem power distidbutThe second is a newly developed battery board
designed to tie together 4 Lithium-Poly Batteries motor power. This new development saved the 203¥
roughly 10 Ibs of gross vehicle weight by replading lead acid batteries used last year.

3.1 Power Management board

The heart of the electrical subsystems is the ponsmagement board designed to maintain and convert
battery power to other voltages for subsystemitligion, while allowing for separate arrays of pilbatteries
connected for the system, motor bank 1, and ma&ok 2. In the case of the 2011 ASV, the power mameent
board manages system power alone. The motor pameanaged by the Battery Board discussed in the nex
section. The system power is fused and availabtith several connectors for system and subsystevarpand
is provided by two 6.4 Ahr, 14.8V Lithium-Poly Baties wired to the board in parallel.

The Power Board also has the ability to transfercseontrol of the motor control to signals oridiing from
the mission CPU or from radio control under remx@dio command. Additionally, it monitors voltagada
current for the three isolated power systems (sysied two separate motor controller supplies). dlthis is
available for measurement through one connectar dle has room for CPU inputs for control of power
conversion components on the power board. The hmsdes the motor control signals to a two chamighg
motor controller that is powered by the Motor BattBoard. It also lets a radio control receiveeetaver motor
control from the computers if commanded. Belowitholthl aspects of the Power Board’s functionahtg
listed:

» Connects up to 4 separate 14.8V batteries in ghfall System Power. The power board provides diode

isolation, fuses and direct charge connections

» Connects up to 2 separate 12-24V batteries inlpafat each motor controller. The power board

provides diode protection and fuses (AUV Implemgotg

e System power is converted to 12V and 5Vfor distidruto other subsystems. Connectors for each of

these converted voltages and also the system ptagHrare available for subsystems

» Motor controllers are mountable via standoffs dberpower board. Additional fused motor controller

power connecters are available from the power bgEdY Implementation)

» Motor controller input signals available from thewer board, to switch control between CPU andoradi

» Charging connectors and charging switches to trigglays and disconnect motors

» Mechanical & magnetic switches for turning motagstem, and charging on and off (AUV

Implementation)

» Slide switches & computer control for turning powenverters on and off

» Slide switch to enable radio control

» Radio switch to enable, disable radio control

» Jumpers to connect motor power systems

» Jumper to switch radio switch output from radiotcohto remote motor turn off

» LEDs indicators on all battery banks to detect fiadleres

3.2 Motor Battery Board

Four 14.8V, 10Ahr Lithium-Poly batteries and a eattboard were newly added to the 2011 ASV
electronics subsystems for motor power. The batteard was designed and built to manage the feparate
14.8 V batteries with two available configuratiofeyr batteries in parallel or two parallel bankdwo batteries
wired in series. Each battery is connected in¢obibard and regulated with 10A fuses. The fuses@econdary
measure to keep the batteries from providing mbea t10A as the batteries themselves are curreiiednat
10A. LED indicators were installed after each ftsedemonstrate that battery power is availableaxh of the 4
inputs. The batteries are paired and isolatedutitr@80V, 30A Schottky Diodes with large heat sitikexpel the
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heat generated from the diode voltage drop at igherage. The negative side of the batteries isngiexd by a
MOSFET that is powered by a switched latching re¥ajch allows that the battery power be turned roth aff.

Figure 4 Power management Board (Right) and theM or VBat'tery Board (L eft)
4 Computer Subsystems

Historically and for the 2011 (RoboBoat and RobgSAlBVSI competitions, both the mission computer and
the vision computer subsystems were developed rtathra control code for URI's autonomous undersei an
surface vehicles. The 2011 mission subsystem hasgty leveraged the architecture that has beewrldped
over a number of years by the URI Autonomous Vehieam. For the 2011 competitions, the vision sstiesy
architecture has been redeveloped and coded orw &itPC Linux platform entirely in C++.

4.1 Mission Computer:

The mission subsystem, which acts as the engine tm@in for the vehicles, has two parts: a custom
development/carrier board and a Netburner 5282 feaghich sits on top. Developed by the URI teaniyeiar
2009 with sponsorship from Sunstone using their PX3Bsoftware suite, the custom development boasd ha
power and communication input lines as well as owioutput lines to talk to networked computers or
peripherals. The board has input ports, power lisesial, TTL, and Ethernet communications lines] @in
connectors for GPIO. The board has optically ismlaservo output signals which isolates the 5V ezfee
voltage onboard the carrier board for A2D measurgsnand communications.

Sitting on top of the custom mission computer bpardhe Netburner 5282 module. The NetBurner 5282
module features a web-based control interfacell 82ubit architecture providing 60+ MIPS and thal uite of
UDP and TCP/IP protocols. This 32-bit high perfonme processing platform provides the horsepowéatulle
both 10/100 Ethernet connections and resource-dégimgapplications while adding 8 A/D channels, pulgdth
generation, and pulse width measurement to stari@arBasically, the 5282 module is used as the tobore
processor, where it contains the Freescale Cold2i82 microprocessor, 512KBytes of Flash memoryBgtds
of SDRAM and 10/100 Ethernet (including the magrstied's and RJ- 45 connector). One hundred of the
processor signal pins are brought out on two Oehter 50-pin connectors. These signals includadlieess bus,
data bus, chip selects, interrupt inputs, timerSPQ 12C, PWM, CAN 2.0, 3 UARTs, GPIO and 8 10-AiD
inputs. Data sheets for the NetBurner 5282 cambed online at www.netburner.com.

Computer Subsystem Interfaces

Trimble FitPC Vision Shore
GPS Computer Computer
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Motor
Controllers,
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Aux System
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Figure 5 Netburner 5282 Mission Computer (Left) and the Computer Subsystem Block Diagram (Right)
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4.2 Navigation Subsystem:

A tilt compensating compass is connected to th
mission computer through 12C communications.
This compass provided tilt compensated headin
to within 0.1 degrees. A Trimble GPS unit is
connected to the Mission computer to aid the
navigation of the Autonomous Surface Vehicle.
The Trimble GPS receiver uses WAAS and
Omnistar position corrections to achieve sub-
meter accuracy. The GPS unit is connected to tk
Mission computer via a RS-232 serial port
connection, where it streams GPS data to th
computer five times a second to aid in course
following. The mission computer code was
programmed to run a taskProcessNMEATa3k
with a priority of slightly less importance than
UserMain When the NetBurner code begins, it Figure 6 Trimble BDS960 GPS

initializes the GPS Com Por€OM 1) and then

the code reads the incoming RMC and GGA NEMA sting the mission computer and makes the information
available to necessary tasks via UDP communicati@hlogs it to a text file on its onboard SD Card.

4.3 Vision Computer

The new vision computer is a FitPC2i with an It&dm low power CPU running at 2.0 GHz with 2 GBytes
of memory, running an Ubuntu Linux OS. Vision imggecessing is coded in C++ using the OpenCV libsar
and controls the functions and capabilities of\tiséon system. Because the mission tasks vary @atth mission
leg and UDP communications occur multiple timegeosd from the mission computer, the system arcthite
on the vision computer required multithreading ¢sliges alongside the vision processing algorithifise vision
system structure is comprised of a number of psiagsthreads with -
more critical system processes occurring indepanddére Vision control
code was separated into three levels. Level Onethes UDP
communications control program, which communicatadJDP with the
rest of the system. This thread is started as smothe vision system
starts it receives and parses status messagesHemission computer.
The status message indicates which mission legehile is on and the
control program then loads the appropriate LeveloTeode which
controls the behavior specific to that leg.

The control program or core vision system processisoad a new
second level code each time a new leg is starthik B necessar)PA
because of the various tasks specific for eachl,lesweh as obstacle
avoidance or firing the water cannon. Depending tbe necessary
behavior for the specific leg and the requiredstasce from the vision
system, a number of variables are available tos#wond level code
which is obtained from image processing. For examie second level
may use the horizontal coordinate of a green bumwyhined with a
scanning laser to modify the heading based upolodition within the Wl : SR
field of view. The status message is then modiéiad sent back to the | e 1 s | oo o | e | s e o o |
mission computer. The final third layer acts asggkgby storing all data  Figure 7 FitPC2i (www.fit-pc.com)
recorded by the sensors and camera for the rurhirgtion, this is key
for future mission planning and trouble shootingpeTvision computer can be accessed wirelessly enzote
desktop or command line window to launch or motlify code. A wireless hub connects the two compzieds
allows wireless communication and programming.

| onjoff | MinisD | RS232 | 2XxusB |
i \ ~
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5 Vision Subsystem
5.1 Open Computer Vision
To accommodate the vision system, a variety of ademvision and image processing algorithms neé¢adled
be implemented. In the past, the vision systemimgéemented in MATLAB. However, this year it wascited
to implement the vision system in C++ to improvef@enance. An excellent tool for image processimgi++ is
the Open Computer Vision (OpenCV) library. OpenG\an open source library that provides a varietynafge
processing and computer vision functionalities. TpenCV library acts as the core foundation for ithage
processing system, and allows native access toadimera and basic image processing functionalitye @uthe
multithreaded nature of the vision system (Figuyrel&ging images and video does not create any CRile
overhead allowing the system to process nearlydids a second. There are a number of tasks ocionmEs®
accomplish in the competition where most of thes&g involve the identification of some object watldistinct
feature or color. With this information in hand,ckaask )
adopted a two step approach; first a specific ctilat we
were looking for was isolated. Then the image was
searched for a specific shape or object size. R B ‘ R S i T
5.2 Color Segmentation

_Rendezvous
In order to isolate a color in an image, the RGRgm

must be converted to a different color space léextad
by light. The HSV (Hue, Saturation, and Value) speca Figure 8 Vision System Structure Diagram
common space for color image processing of thi®.typ
The resultant converted image can then be simpbsholded over the three dimensions to extractdsired
color and color range. The color segmentation tiegtenallows very quick identification of specifiolor ranges
in an image. The resultant information from theocadegmentation process is fed into the next psowdsch
identifies the size and shape of the object.

5.3 Image Recognition

The shape recognition allows task specific shapdsetidentified and logged allowing very quick \aile
identification classification and tracking. An exgale of the buoy identification and tracking missiam be seen
in Figure 9 With the color segmentation and shape recognii®ranother layer to the vision system specific
mission could be built on top of the systems alygadlace. Most of the missions require similaguieements of
the vision system, one particular mission requirnmgre specialized mission planning is the hangamgets. The
hanging targets require a number of integratedtfomality running in parallel. First the hangingdats need to
be identified in an image then the symbol needbecaxtracted and understood, with finally the terapee
extracted from each symbol. The mission requirearaber of layers of complexity with from the areliture of
the system is greatly reduced.

Figure 9 Buoy Recognition (Left and Middle) and Shape and Symbol Recognition (Right)
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5.4 Camera

The camera chosen for the competition is a Logi®@dhit, which has
auto-focus capabilities and uses the RGB color esgac data output. The
Logitech Orbit is capable of 8 mega-pixel resolntior still images and 2
mega-pixel resolutions for video output. The camesmlution is scaled down
to 640x480 pixels to enhance processing speed eddce computational
power requirements. The resolution of the camenatrols the amount of
video frames per second that can be processect Bixels are processed in a
matrix form, the more pixels, the longer procesdimge required for each
frame.

The camera and accompanied thermal sensor are esbont a pan Figure10Logitech camera
and tilt unit that allows a pan of 180 degrees &ltdof 90 degrees. This
feature is utilized by C++ coding in OpenCV to coamd the mission computer through UDP
communications to control the movement of the canf@r certain tasks.
Such tasks include object tracking, object follagyiand search patterns that allow the camera tolséar
necessary objects when none are located withifiglteof view. The image outputs are sent through
universal serial bus 2.0 to the vision computer.

6 Auxiliary systems:
6.1 Water Cannon

An on demand 12V Flojet RV water pump is used teedthe water cannon discharge under mission
computer control. A simple Transistor/Mosfet cohtiwcuit allows the computer to switch the canran
and off with a single 3.3V control line. The disoipatube is attached at the front camera panléittgprm so
that the cannon will follow camera aiming.

6.2 Tennis Ball Capture

A linear actuator is mounted to the side of the Rt which actuates an extendable arm that is nlegdig
to extend to the expected distance of the tennlisdmathe platform. This actuator is controlled Aymotor
controller that is commanded by the mission comptdeextend, retract or hold position. The positmnthe
actuator is indicated by a potentiometer in thet which is wired back to the mission computer fa2DA
measurement. At the end of the arm, a capturinghamésm is restrained and it is released by a smexoen the
mission computer is commanded by the vision subgysBoth the firing the solenoid and the arm exxtens
control are commanded by the vision subsystem trdDP commands to the mission computer.

6.3 Laser Ranging

Included in the vision system architecture is tlse of a scanning lase
(LIDAR) to get range and bearing to a target. THBAR unit is connected to
the USB port of the FitPC and the range and bedrifgmation is obtained
using C++ coding in OpenCV. This laser combinechwite camera allows foi
the creation of a powerful image processing sydfeaih resolve objects in 3D
Using the processes defined in the vision subsysttion $) a colored target
is identified and tracked and its position in therhd is calculated using the
range and bearing from the laser. Objects locatele world are given location:
on a local tangent plane Cartesian coordinatesystigned east, north up witl
the +y-axis pointed true north. The x and y cocmtis of the objects art
resolved by converting the vehicle position to X gncoordinates and using th
range and bearing from the vision subsystem toruhite the position of the
object. This is advantageous for mission planniagitaprovides information
about the in-situ location of each identified tdargdiich can be fed back for
improvements.

Figure 11 LIDAR Unit
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6.4 Thermal Sensing

A Phidgets 1045 IR Temperature Sengointegrated into the camera housing and utilizedhgy vision
subsystem. The unit utilizes aiifra Red thermometer in order to make non contact temperature measurements.
The sensor is factory calibrated and has a 10 ddggle of view. The object
temperature range is -70 to 380°C. The sensor ctmaérectly to the USB
port of the Vision subsystem FitPC and the tempegainformation is
extracted using C++ coding in OpenCV.

7 Advisors

Prof. Robert Tyce, Ocean Engineering robotics coach
Capt. Fred Pease, Boat captain and machinist Figure 12 Phidgets Thermal Sensor

8 Sponsors

URI Ocean Engineering Department URI College ngiEeering
COEUT/URI Center of Excellence Raytheon

Battelle The Mathworks

Trimble / Pacific Crest Ocean Server
DaneTech

9 Testing Photos
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URI Ocean Engineering,
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